
DUPLEX DIRECT ACTING 

PUMPS 

DIRECTIONS 

FOR SETTING STEAM VALVES 

WORTHINGTON WORKS, 

HARRISON, N. J. 

RI.AKFtKNOW T. KS works, 

EAST CAMBRIDGE, MASS. 























WORTHINGTON PUMP AND MACHINERY CORPORATION 


1 Duplex Direct-Acting Pump Characteristics with 
Direction for Setting the Steam Valves 

A duplex direct-acting pump consists essentially of two single pumps, arranged side 
by side, and so combined that the piston rod of one pump in making its stroke, acts 
through a simple mechanism to move the valve which admits steam to the cylinder 
of the other, after which it finishes its stroke and waits for its own steam valve to be 
acted upon by the movement of the piston of the other side before it can make its 
own return stroke. As one or the other of the cylinder steam parts is always open, 
there is no dead point, and, therefore, the pump is always ready to start when steam 
is admitted. It is to be noted that the valves for a duplex pump are mechanically 
connected slide valves and not the steam-thrown valves which are necessary for the 
operation of single pumps. 



Fig. B-2977 

Fig. B-2977 shows the valve gear construction of a standard duplex pump, from 
which it will be seen that the parts making up the mechanism are of the simplest 
possible form, and that they are the same for both sides, excepting levers “C” and 
“I”, and cranks “J” and “G,” which are of different lengths. It will also be noted 
that crank “G,” which is moved by lever “C,” points down while crank “J,” moved 
by lever “I,” points up. This arrangement of the cranks is necessary in order that 
one of the slide valves which they move (both valves being alike and of the plain “D” 
type) shall admit steam at the opposite end of the steam cylinder so as to reverse 
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the piston stroke. With regard to the levers and cranks, while they are of different 
lengths, the two moving together have the same ratio of lengths as the other two, 
and as both levers have the same length of travel, the cranks also move the same 
distance. On account of the reversal of the cranks, this difference in lever length is 
a mechanical necessity in order to bring the valve rods on a common center line. 

The steam valves of a duplex pump have no outside or inside lap, consequently 
when in central position, just cover the steam ports leading to opposite ends of the 
cylinders. 

There is always a lost motion between the slide valves and the valve rod operating 
it so that the valve does not move until the piston on the other side, which operates 
it, has traveled some distance. This affords a short pause in the flow of water at 
the end of a stroke gives the water valves an opportunity to seat quietly before the 
reverse stroke takes place; the piston of the other side in the meantime have renewed 
its movement, the water deliver is uniform and free from pressure fluctuation. The 
length of this pause in general practice is from about one-quarter to possibly one-half 
the whole stroke of the piston, depending on the amount of lost motion in the valve 
gear. 

On some sizes of pumps the lost motion is provided for by means of a block 
threaded on the valve rod, which is a loose fit between the lugs on the steam valve, 
the amount of space between the two constituting the lost motion. The lost motion 
in this type, of course, is not adjustable, being fixed for the best general performance 
of the pump. Fig. B-2978 shows this arrangement. 



Fig. B-2979 Fig. B-2980 
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Fig. B-2979 shows an arrangement in which the lost motion is adjustable, there 
being two nuts screwed on the valve rod at each end of the slide valve so that the 
space between can be increased or decreased, as may be desired. In both of these 
arrangements no change in adjustment of parts can be made without stopping the 
pump and removing the steam chest cover, and this is sometimes an advantage as it 
is a protection against tampering at the hands of inexperienced attendants. 

Fig. B2980 shows an arrangement of valve gear where the valves are adjusted from 
the outside. The slide valve and valve rod move together without any lost motion, 
the clearance, or lost motion, being provided in the link connecting the valve rod with 
the crank. This is so constructed that by turning the collars on the link, which can 
be done while the pump is in operation, the lost motion can be varied any amount 
within its limits and the conditions of running changed accordingly. As it is not 
necessary to remove the chest cover, or even stop the pump with this arrangement 
of gear, adjustment may be very quickly and conveniently made. 

Fig. B-2981 shows a valve gear of the “LO,” or piston, type. It is provided 
with connections of the outside adjustable type and operates in exactly the same 
manner as the ordinary slide valve arrangement shown in Fig. B-2980, the only 
difference being that the valve is balanced and will run without lubrication, making 
it particularly adapted for use with high pressure steam. 

2 To Set the Steam Slide Valves of a Duplex Pump. 

1.—When moved by a single valve rod nut working between lugs on valve. 
(Fig. B-2978.) 

First open drip cocks so that water in steam cylinders will be completely drained 
away; then move piston rod of one side toward steam cylinder head by prying against 
crosshead (not lever) until steam piston strikes head; make a mark on rod close to 
face of steam end stuffing-box follower, then move piston rod to opposite end of 
stroke until steam piston strikes and make a mark on rod just half way between first 
mark and face of steam end stuffing-box follower. Now, move piston rod backward 
until second mark is flush with face of follower, and the piston will stand at mid¬ 
stroke. Disconnect link from knuckle of valve rod on opposite side and place slide 
valve in steam chest, chest cover, of course, having been taken off for this purpose, 
so that valve exactly covers both steam ports that lead to opposite ends of cylinder. 

Now hold slide valve nut exactly in center of space between slide valve lugs; screw 
valve rod through this nut until knuckle eye is in line with link eye and push link 
pin in place. Repeat this process with other side of pump and the operation is 
complete. (It will be found an advisable plan to move both pistons to mid-stroke 
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before touching either slide valve.) After everything is properly adjusted and before 
replacing chest cover, be sure to move one of the slide valves off center so as to leave 
one steam port open, otherwise pump cannot be started. In operation the valves can 
never move so that both will be on center at the same time under any condition of 
running. It is only when the valves are deliberately placed, as in the operation of 
setting, that it can happen. 

2.—When valve rod has lock nuts at each end of slide valve. (Fig. 
B-2979.) 



First, place pistons and slide valves 
on centers, as above, but do not discon¬ 
nect valve rod from link; then set and 
lock nuts at equal distances from outer 
faces of valve lugs, allowing about half 
the width of steam port for lost motion 
on each side. (A good way to prove 
equality of lost motion is to move valve 
each way until it strikes nut and note if 
both port openings are equal.) If it is 
found that this allowances gives pump 
too much or too little length of stroke, 
the lost motion will have to be altered by 
trial until pump makes desired stroke. 
Too much lost motion lengthens stroke 
and may cause pistons to strike cylin¬ 
der heads; too little lost motion shortens 
stroke, decreases pumping capacity and 
increases steam waste. 

3.—When slide valve has out¬ 
side adjustment. (Fig. B-2980.) 

Set piston in the middle of its stroke, 
likewise the steam valve on the opposite 
side; move collars on the valve rod link 
so that they will be about half the width 
of the steam port away from the tappet. 
Repeat this operation on the opposite 


side and the valves are set. Pump may now be started and if it is found that stroke 


is too short, the collars must be screwed farther apart, care being taken to turn back 


all collars the same amount, for otherwise the piston rod movement will be less than 
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full stroke and nearer to one end of the cylinder than other. If stroke is too long so 
that pistons strike heads, collars must be set closer together. With this type of valve 
gear it is not actually necessary to stop pump and remove chest cover as the collars 
can be adjusted by trial until required length of stroke is reached, while pump is in 
regular operation. When adjustment is finally made, be sure to lock collars securely 
in place. 

4. —When valve is of “LO,” or piston, type with outside adjustment. 
(Fig. B-2981.) 

Set main steam piston at mid-stroke, likewise steam valve on the opposite side. 
To set valve in mid position, remove top valve chest cover and move valve until 
its upper face is just in line with the top edge of the uppermost steam port. If 
valve cylinder is of so small a diameter that it is difficult to set valve on port line by 
inspection, measure distance from upper edge of top port to upper face of valve chest 
and move valve until its upper end is the same distance below face of chest. When 
thus set, lower end will be in line with lower edge of lower steam port as valve is 
made without lap. Friction between valve and cylinder bore or stuffing-box packing is 
usually sufficient to hold valve in any position it may be placed, but if this is not the 
case the valve must be prevented from dropping, while adjustments are being made, 
by means of a temporary blocking of wood or whatever material may be available. 
After main piston and steam valve are arranged in central position, collars are set in 
the same manner as for an ordinary duplex slide valve with outside adjustment, and, 
as is the case with these pumps having valves with outside adjustment, the valve 
travel and length of stroke can be adjusted by trial while pump is running without 
the necessity of removing chest cover. 

5. —To set slide valves of a compound duplex pump. 

Fig. B-2982 is a sectional view of a compound duplex pump, from which it will 
be seen that the valve mechanism is similar to that of a simple duplex pump, the 
difference being simply in the addition of another slide valve. These valves are set 
in exactly the same manner as for simple pumps, except that two valves are to be 
considered instead of one. 

All pumps built at our Works have steam valves properly set and are in perfect 
running condition at time of shipment. 

If pump does not operate satisfactory do not touch steam end until investigation 
shows that trouble is not elsewhere. Most pump troubles are due, not to steam 
end conditions, but to poor packing, fouled water cylinders, worn water valves or to 
faulty conditions in water pipe connections outside the pump itself. 

NOTE.- In designating the two sides of a duplex pump, manufacturers have 
made it a practice to denote as “right-hand” that side of the pump at 
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the right which is seen when standing at steam end and 
looking towards water end, the other, of course, being “left- 
hand.” This applies to all horizontal pumps. In the case of 
vertical pumps “right-hand” side is one seen when stand¬ 
ing at and facing front side of pump as it stands vertically 
and as steam cylinders of a vertical pump are always above 
water cylinders, right-hand side of a vertical pump is same 
as left-hand side of a horizontal pump. It is important to 
note this distinction in ordering repair parts. 




Fig. B-2983 
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3 Steam Cylinder Cushion Valves. 

The steam cylinders of certain types and sizes of direct-acting pumps are fitted with 
cushion valves, as shown in Fig. B-2983. The purpose of these is to provide an 
adjustable steam cushion for the piston so as to insure a full-length working stroke 
and, at the same time, prevent piston striking cylinder heads when pump is working 
under widely varying conditions of load. 

Referring to Fig. B-2983, a chamber C, one at each end of the cylinder, forms a 
connection between steam port ST and exhaust port EX, and this connection can be 
shut off by means of valve V. As piston P approaches end of its stroke it covers port 
EX through which steam has been exhausting and confines it in space at cylinder 
end, thus forming a steam cushion that prevents piston from striking head. Amount 
of this cushion is varied by opening or closing valve V, the only means of escape for 
the confined steam being through chamber C to port EX. 

The more open valve V is, the longer the stroke will be. 

If pump is running at low speed or working under heavy load, valve V should be 
open as much as possible without allowing piston to strike heads. If pump is running 
at high speed or working under light load, valves V must be closed more. Amount of 
steam cushion and, consequently, length of stroke can be properly regulated under 
different conditions of running by the simple adjustment of these valves. 

The valve gear of pump should always be adjusted so that pistons will make as 
long stroke as possible without striking heads while cushion valves remain wide open. 
Cushion valves are then partly or wholly closed, as varying conditions of load my 
demand. 

Pumps of smaller sizes are not fitted with cushion valves; instead of the valve, 
a plug is screwed into the wall separating ports ST and EX at C. A small hole is 
drilled through the plug of a size suited for the best general operation of the pump 
and through this hole the confined steam is slowly exhausted, the banked steam 
forming a proper cushion for the advancing piston. 



